Abstract Background: The treatment of postoperative pain is a challenge after posterior spinal fusions.
Introduction
The treatment of postoperative pain continues to be a challenge, particularly after posterior spinal fusions. Many of these patients have been treated with analgesics or other modalities for prolonged periods before choosing the surgical alternative. In addition, the narcotic-based anesthetic required for the procedure may induce postoperative hyper-analgesia [3] . Inadequate treatment of this pain can result in prolonged hospitalization, cardiopulmonary complications, and poor surgical outcome [1] . However, the narcotic treatment of pain is often associated with multiple adverse effects. Multimodal postoperative analgesia has been instituted to reduce pain while limiting the adverse side effects of opioids [11, [16] [17] [18] . Pregabalin has been shown to be efficacious in the management of chronic pain syndromes with limited adverse side effects [4, 5] .
Hence, multiple studies have attempted to demonstrate the benefits of including pregabalin in multimodal postoperative pain management [13, 14, 20] . These studies have yielded conflicting results with regard to reduced pain, opioid consumption, and improved outcome [2, 6, 8, 9, 12-14, 19, 20] .
We propose that the addition of pregabalin to acute pain regimen after posterior spinal fusions should reduce narcotic requirements and hence improve outcome by reducing narcoticinduced side effects. Although recent studies have also examined the administration of pregabalin after spinal fusions [6, 8, 9] , this study was conducted with a uniform anesthetic regimen and similar procedure performed by two spine surgeons at one institution. Pain scores were controlled as well as physical therapy milestones to assess whether changes in the pain regimen would affect narcotic consumption, narcotic induced side effects, and length of hospitalization.
Patients and Methods
With IRB approval, patients scheduled for elective posterior 1-4 level lumbar spinal fusion with segmental instrumentation were randomly assigned (random number generator, sealed envelope) and consented to receive pregabalin or placebo. Patients in the pregabalin group received 150 mg of pregabalin with a sip of water 1 h prior to surgery and then 150 mg daily (75 mg BID) for a total of 2 weeks. Patients in the placebo group received a placebo tablet with a sip of water prior to surgery and a placebo tablet twice a day for a total of 2 weeks. All clinicians involved in the care of these patients were blinded to group assignment. Patients taking pregabalin or gabapentin preoperatively were required to stop these medications for 2 weeks prior to entering the study. Patients with renal insufficiency (Cr > 1.5), major psychiatric disorders, or receiving methadone or buprenorphine treatment were considered not eligible for the study. The original study design included patients being followed after discharge from the hospital with 14 days of either pregabalin or placebo. This report includes only the hospital experience.
All patients in the study received a general anesthetic which consisted of midazolam 5 mg, nitrous oxide (50%), isoflurane 0.4%, fentanyl 1-2 μcg/kg/h, ketamine 2 μg/ kg/min, and propofol 25 μcg/kg/h. All patients received intravenous ondansetron 4 mg and dexamethasone 8 mg prior to extubation. Patients were extubated in the operating room and within 15 min of arriving in the postanesthesia care unit (PACU), started on intravenous hydromorphone in a patient-controlled analgesia (PCA) modality, without a basal rate and bolus dosing which was adjusted by the acute pain team to achieve a Numerical Rating Scale (NRS) for pain ≤ 5. When tolerated on postoperative day (POD) 1 or 2, the analgesic regimen was switched to oral oxycodone or a narcotic equivalent, if the oxycodone was not tolerated, and acetaminophen 650 mg every 6 h. All narcotics (oral and intravenous) were recorded and oral narcotics were converted to milligram morphine equivalents.
Postoperative pain was assessed daily until discharge using NRS pain scores at rest and during physical therapy; a NRS of 0 is defined as no pain and a 10 defined as the worst pain ever experienced. Pain was assessed in the PACU on the day of surgery 1 h after the PCA infusion was started and in the morning of each postoperative day. A physical therapist asked each patient to rate their highest NRS for pain during physical therapy. In addition, patients were assessed by the physical therapist twice daily and the first time they were able to ambulate approximately 20 ft was recorded. It is expected that in order to be discharged from the hospital, patients are able to sit up and touch the floor with their feet on the morning of POD 1, stand and walk to a chair by the afternoon of POD 1 (~20 ft), and by PODs 4-5, walk around the hospital floor and climb four stairs in preparation for discharge. Patients were also assessed twice a day, starting on POD 1 for their level of sedation using the following subjective scale: 1: awake and alert, 2: minimally sedated, 3: moderately sedated, 4: deeply sedated, and 5: unarousable (University of Michigan Sedation Scale). The presence of nausea and/or vomiting was also recorded. Other adverse effects such as dizziness and blurred vision were recorded. A subset of narcotic-tolerant patients (oxycodone utilization > 60 mg/day) was analyzed separately for total IV narcotic utilization.
Physical therapy milestones were recorded using Research Electronic Data Capture (REDCap) tools hosted as Hospital for Special Surgery [7] . REDCap is a secure, webbased application designed to support data capture for research studies, providing (1) an intuitive interface for validated data entry, (2) audit trails for tracking data manipulation and export procedures, (3) automated export procedures for seamless data downloads to common statistical packages, and (4) procedures for importing data from external sources.
For the study, we assumed that pregabalin therapy would reduce by 30%; the PCA hydromorphone consumption of our postoperative spine patients using data from our pain service over the 6 months prior to initiating the study (53 ± 20 ml for the first 24 h) with a power of 80 and a significance of p ≤ 0.05, we would require 25 patients per group. In an attempt to avoid drop-outs during the study and a wider variability in opioid consumption, we enrolled more patients per group. Continuous data is presented as mean ± standard deviation and analyzed by the Student t test, p < 0.05 significant. Categorical data, level of sedation, nausea and vomiting, and physical therapy milestones were compared using chi-squared test. We also conducted a multivariant analysis comparing narcotic utilization between the two groups adjusted for sex, number of levels fused, and estimated blood loss (EBL), and accounting for multiple time points using the generalized estimating equations approach.
Results
There were 205 patients who were approached to enter the study; 90 were consented for the study, and 86 were still enrolled in the study on POD 1, 43 in each group (Fig. 1 ). There were no significant differences in the demographic profile of the patients or the operative details between groups (Table 1) .
PCA hydromorphone usage was not statistically different between groups (Table 2 ) and is reflected in a similar rate of PCA demand with time (Fig. 2) . All of the patients in the study completed 24 h of PCA, but by 48 h, only 23% of the patients (9 control and 11 pregabalin) continued to utilize the PCA. Oral analgesics were initiated on the day of surgery, but only 58% (25/43) of the placebo patients and 49% (21/43) of the pregabalin patients required oral analgesic supplementation on the day of surgery. Oral narcotic utilization was not statistically different for both groups. In addition, there were no statistically significant differences in pain scores between the groups at rest or with physical therapy. Both groups were also not statistically different with respect to levels of sedation, achievement of physical therapy milestones, and length of hospitalization. Only treated nausea and vomiting was significantly reduced in the pregabalin group on PODs 1 and 2 (Table 3) . A multivariable analysis comparing PCA consumption, oral opioid intake, NRS pain scores, and length of hospitalization between the two groups with adjustment for sex, number of levels fused, and EBL did not identify any statistically significant differences between the placebo and pregabalin group (p = 0.819).
However, for a subset of preoperative narcotic-tolerant patients (n = 13 [pregabalin group], n = 11 [placebo group]), total PCA hydromorphone usage was significantly higher in the placebo group (101 ml) than that in the pregabalin group (59 ml, p = 0.03).
Discussion
Pain after posterior spinal fusions can be intense and limit postoperative physical therapy and rehabilitation. Excessive use of opioids to treat this pain results in nausea, vomiting, excessive sedation, ileus, and pruritus; all of which also limit postoperative positive progression. Hence, multiple attempts have been made to develop multimodal postoperative analgesia which limits opioid utilization but still provides adequate analgesia [11, 17, 18] . Pregabalin has been included in ASA American Society of Anesthesiologists physical status classification some acute postoperative pain protocols with limited success [2, 6, 8, 9, 12-14, 19, 20] . A few studies in the spine literature have reported that the addition of pregabalin to acute postoperative analgesia has reduced pain, narcotic consumption, and improved quality of life after spinal fusions [6, 9, 19] . Kim et al. [9] reported that a 150 mg but not 75-mg dose of pregabalin administered before and 12 h after surgery reduced intravenous fentanyl PCA/ketorolac consumption and the incidence of nausea for 48 h after spinal fusion, while maintaining similar pain scores in both groups. In another study, pregabalin 300 mg prior to surgery and 150 mg a day for 48 postoperative hours reduced intravenous morphine/ ketorolac consumption and pain scores at rest and with movement for the first 12 h [6] . There was the suggestion for improved quality of life in the pregabalin group at 3 months but not 1 year after surgery. After lumbar discectomies, pregabalin 75 mg preoperatively and for 7 days after surgery reduced the number of intravenous doses of tramadol and static and dynamic pain intensity during the first 24 postoperative hours. Although for both the pregabalin group and the control group, the pain scores were low (VAS < 1) [8] .
The limitations of this study include the relatively small number of patients studied, which may have impacted on our ability to demonstrate significance in a population with variable postoperative analgesic requirements. However, based on our previous experience with narcotic utilization by the same patient population, if there was an advantage to the addition of pregabalin to the pain regimen, it should have been revealed with this number of patients. In addition, except for oral analgesic utilization on POD 1, actual narcotic consumption was very similar between the two groups. The strength of this study is founded in a randomized controlled trial of pregabalin during the entire hospital stay in our typical (preoperative use of opioids) spine fusion patient comparing pain scores, narcotic requirements, side effects of analgesics, and physical therapy milestones. In conclusion, we were unable to demonstrate an analgesic advantage to the addition of pregabalin at 150 mg a day to our postoperative pain protocol.
In this study, we assessed whether the addition of pregabalin to an opioid pain regimen after posterior lumbar fusions would reduce narcotic consumption and improve outcomes. We chose a dose of pregabalin (150 mg/ day) which in previous studies had limited adverse side effects, but was an effective analgesic. The anesthetic included ketamine, which has been shown to reduce postoperative opioid requirements [15] . NRS pain scores were kept at or below 5 at rest and with physical therapy using either intravenous PCA or oral opioids; hence, for the study, we were only comparing opioid consumption, adverse effects of opioids, and physical therapy milestones. Ketorolac was not included in the postoperative pain regimen, as two of the previous studies, due to its possible negative role in spinal fusions [10] . However, all of the patients in this study received continuous acetaminophen. The previous studies also administered a different intravenous narcotic, this report employing hydromorphone. We were unable to demonstrate a significant advantage for pregabalin compared to controls with regard to opioid consumption, physical therapy milestones, or length of hospital stay. Over 90% of the patients in both groups achieved their physical therapy milestones by POD 2 and were discharged within the expected number of days. Only nausea and vomiting was significantly reduced in patients in the pregabalin group on PODs 1 and 2, possibly related to the increased oral narcotic utilization on POD 1 in the placebo group which did not reach significance.
In contrast to the studies of Kim et al. [9] and Gianesello et al. [6] , we included patients preoperatively treated with opioids. Hence, our analgesic requirements maybe less homogeneous than a population of patients who were naïve to narcotics. In our study, there was some indication that a subset of narcotic-tolerant patients may have benefited from pregabalin treatment, with decreased intravenous PCA usage. 
